I. INTRODUCTION
The Isotope Sciences Division of Lawrence Livermore National Laboratory is applying the expertise of over 40 years of radiochemical diagnostics in the nuclear test program to the Inertial Confinement Fusion (ICF) effort in Lasers Program. Development of radiochemical diagnostics for the National Ignition Facility (NIF) is under way. Some diagnostic ideas can be tested at NOVA.
One of the interesting diagnostics of an ICF implosion is the density achieved in . I the target capsule. The density can be measured a variety of ways, but charged particle measurements potentially offer a sensitive technique for diagnosing the implosion. This paper presents the results of our first NOVA tests investigating surface ablation effects and measurement of the direct fusion products (3He and 4He) using helium implantation.
II. EXPERIMENTAL DETAILS
To investigate the amount of surface ablation, semiconductor quality Si wafers and an amorphous carbon wafer were exposed to NOVA high yield DT experiments on March 6, 1996. The target dimensions, DT fill pressures, and Si02 glass trace impurities for each capsule used in these experiments are indicated in Table 1 . The wafers were perpendicular to the target and positioned 20 cm from the target using SIMS cart #3 in the NOVA 10-beam target dumber. The wafers exp~d, configuration for each experiment, and yield from Cu activation are indicated in Table 2 . Optical microscopy and electron microscopy were used to study the exposed surfaces. Measurements of surface roughness were made with a SLOAN DEKTAK IL On the third high yield experiment, helium isotopes were measured using noble gas mass spectrometry [1] . Both 4He and 3He were measured. Helium was released from the samples using vacuum pyrolysis. A schematic diagram of the all-metal gas liberation and purification system is shown in Figure 1 .
Energetic helium ions implanted into the Si wafers are expected to be quantitatively retained at room temperature for long periods. Natural silicate minerals ret ain alpha decay (4He) products for millions of years at room temperatures.
We expect to be able to quantitatively liberate this trapped He by heating the sample to temperatures above 1000"C. Two different high-temperature crucibles were used for this study. For the first sample, designated Si-3D, a stainless steel tube was heated using an external resistance heater. The maximum temperature for this crucible was 1000°C. For the 2nd and 3rd samples, we used a Mo crucible and a Mo resistance heating element both inside a vacuum jacket. This crucible system was able to reach temperatures of 1750°C.
For analysis, samples were loaded one at a time into the crucible and evacuated to approximately 10-8 torr. Gas was extracted from the sample in multiple steps. The first step was without heating the sample to measure the system background and verify that the system was fully leak-free. The sample was then repeatedly heated to either 1000"C (for the first sample) or 1250"C (for the 2nd and 3rd samples). Only the first heating at 1000°C or 1250"C showed significant 3He and 4He amounts as compared to system background, indicating that the first heating in all cases was sufEcient to release the implanted He. The heating duration was 15 minutes. After 5 minutes of cooling, the gases were exposed to a hot Ti-alloy getter (SAES 172 material at 250"C)
for 5 minutes which quantitatively removed all gas species but the noble gases.
The gases were then exposed to activated charcoal at 77K in two stages for a total of 5 minutes.
At this point only He and Ne remain in the gas phase.
The He and Ne were then quantitatively collected on activated charcoal at 15K. The final section of the sample manifold was then isolated and the final charcoal trap temperature was raised to 40K releasing the He. The mass spectrometer pump valves were then closed to the mass spectrometer for analysis.
and the sample He was admitted
The mass spectrometer is a VG-5400 noble gas mass spectrometer oper- step give indications of the size of the background. Based on our background measurements about 2170 of the 4He sample signal was due to background 4He and about 270 of the 3He sample signal was due to background signal.
In general the 3He background is much lower than the 4He background and this presumably is related to the atmospheric He isotope abundance ratio, 3He/4He = 1.384 X 10-6.
III. RESULTS AND DISCUSSION
A. Microscopy of melting or ripples near the edge of the exposed portion of the wafer (see Figure 3) . The lower yield experiments had more large fragments, whereas the higher yield experiment had smaller fragments and more melting. Electron microscopy identified Al, Ta, Au, Fe alloys, alumina silicates, Cu and even
Cd blobs of 1-10P size (see Figure 4) . These experiments were direct drive experiments and therefore there was no Au hohlraum present; however, there
were hohlraum experiments earlier in the day and hence cross-contamination is observed between experiments.
B. Helium Measurements
Because the wafers subtended a small solid angle in these experiments, helium analysis was only attempted for the highest yield experiment. Four wafers were exposed in this experiment. The results of the helium measurements for three of the wafers are shown in Table 3 . The 3He measured determines the DD fusion rate and the 4He measured determines the DT fusion rate. These measurements assume no loss of helium in the target capsule and 100% collection/implantation efficiency. The wafers were much thicker than the range of the helium particles. It should be noted that tritium initially in the target capsule that is not burned up in the implosion and not removed from the target chamber contributes a background to the 3He measurement. The contribution to the 3He signal in this experiment from this residual tritium is estimated to be less than 1%. The uncertainties in this 'proof-of-principal' experiment are higher than can be obtained in future experiments. Increasing the solid angle subtended in these experiments will significantly reduce the uncertainties due to mass spectrometer backgrounds. It is expected that the total uncertainty would be less than 5% in an experiment with larger solid angle"coverage. The The 3He/4He ratio as a function of temperature is shown in Figure 5 [2].
The measured 3He/4He ratio of 0.0027 & 0.0005 is lower than the ratios shown in Figure 5 , perhaps indicating a loss of 3He, which is produced in DD fusion with much lower energy than the a-particles produced in DT fusion. These lower energy 3He particles are not implanted as deeply as the 4He, and also are more susceptible to energy loss in the plasma. Future experiments will examine this effect carefully to evaluate whether the low 3He value represents the ion energy loss in the explosion plasma.
IV. CONCLUSIONS
Semiconductor quality Si wafers and an amorphous carbon wafer when exposed to NOVA high-y~eld implosions incurred surface damage that was sub-micron in general, although ablation and surface roughness was slightly higher for the carbon wafer than for the Si wafers. The fusion yield measured by determining the amount of 4He and 3He indicated the number of DT fusions to be 9.l(zt2.3) x 1012and DD fusions to be 4.8(~1.0) x 1010, respectively. It should be noted that the DD fusion rate is not routinely measured in these experiments. The helium DT fusion yield was slightly lower than that of the Cu activation measurement, which was 1.3(~0.1) x 1013DT fusions. It remains to be investigated as to whether the lower helium measurements are because of energy loss in the implosion or just statistics. Nevertheless, one can see that this helium measurement technique may be useful in determining the fusion rates as well as potentially measuring He ion energy losses traveling out of the explosion plasma. Future experiments using stacked thin foils may be able to measure the energy spectrum of 3He, 4He and 3H emitted from the plasma.
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